ABSTRACT It is unknown to what extent rising drug costs are due to inflation in the prices of existing drugs versus the entry of new products. We used pricing data from First Databank and pharmacy claims from UPMC Health Plan to quantify the contribution of new versus existing drugs to the changes in costs of oral and injectable drugs used in the outpatient setting in 2008-16. The costs of oral and injectable brand-name drugs increased annually by 9.2 percent and 15.1 percent, respectively, largely driven by existing drugs. For oral and injectable specialty drugs, costs increased 20.6 percent and 12.5 percent, respectively, with 71.1 percent and 52.4 percent of these increases attributable to new drugs. Costs of oral and injectable generics increased by 4.4 percent and 7.3 percent, respectively, driven by new drug entry. The rising costs of generic and specialty drugs were mostly driven by new product entry, whereas the rising costs of brand-name drugs were due to existing drug price inflation.
R
ising drug costs are a pressing concern for the US health care system. Annual increases in drug costs have consistently exceeded general inflation in the past ten years. Several studies have evaluated cost increases for different drug classes, finding that specialty drugs experienced the largest inflation, followed by brand-name drugs. 1, 3, 4 However, these studies examined inflation only within existing pharmaceuticals-that is, for each time period they estimated the average change in prices for drugs that were already in the market at the beginning of the period.
1, 3, 4 Although this approach is appropriate for estimating inflation, it does not address a broader question: To what extent are rising drug costs due to inflation in the prices of existing products versus the market entry of new, more expensive drug products? Answering this question is critical in the development of policies to improve the affordability of medications in the US.
In this study we used pricing data from First Databank and pharmacy claims from UPMC Health Plan for the period 2005-16 to quantify the contribution of new versus existing drug products in the rising costs of prescription drugs used in the outpatient setting in the US. Databank) and selected those drugs whose dosage form was capsules or tablets ("oral drugs") or vials, ampules, syringes, intravenous solutions, injector pens, or infusion bottles ("injectable drugs"). Our sample included 24,877 National Drug Codes for oral drugs and 3,049 for injectable drugs.We extracted the wholesale acquisition costs in December of each year for each unit of administration (tablets, capsules, vials, or milliliters) and multiplied them by the number of units included in each code. We used the number of units included in each code as a proxy for the average number of units dispensed in a claim, because this information was not available in our data.Wholesale acquisition costs were then reported as US dollars per the average number of units included in a code.
Study Data And Methods

Data Sources And Study Sample
We obtained annual counts of pharmacy claims for each code in the period 2005-16 from UPMC Health Plan. The plan is a health insurer offering self-insured and fully insured commercial, Medicare, special needs, Children's Health Insurance Program, Medicaid, Marketplace, and behavioral health insurance to over 3.2 million members in Pennsylvania and parts of Ohio, West Virginia, and Maryland. We believe that the plan provides a generally representative indication of medication use in an insured population. We calculated annual counts of pharmacy claims for each National Drug Code, standardized as if the total number of UPMC Health Plan beneficiaries had remained constant since 2005.
Drug Classes For each year we categorized drugs into new and existing products and into brand-name, specialty, and generic drugs. For each year new drug products were defined as combinations of active ingredients, dosage forms, and drug denominations (brand-name, generic, or specialty) that became available within the past three calendar years, and existing drug products were defined as those available before then. We used this definition because previous literature has estimated that adoption of new drugs takes two to three years, on average. 5, 6 To identify specialty medications, we used a list of specialty medications obtained from a national pharmacy benefit manager, 7 as the Department of Human and Health Services previously used such a list to study pharmaceutical pricing. 8 All drug products were identified at the National Drug Code level.
Analysis We calculated the average weighted wholesale acquisition cost in December of every year for all drug products and stratified for new and existing drug products. This cost, which we refer to as "average weighted cost," is the average wholesale acquisition cost of all National Drug Codes, weighted by the standardized counts of pharmacy claims for each code in the respective year.
1, 9 Then, for every year we calculated the increase in average weighted cost as the difference between the average weighted cost in December of the given year and the cost in December of the previous year, divided by the cost in December of the previous year. To quantify annual changes in average weighted costs that were due to existing versus new drug products, we performed a similar calculation, using the estimates for the weighted average wholesale acquisition costs for existing or for new drug products. The specific steps involved in this calculation are described and illustrated in the online appendix. Analyses were stratified by brand-name, specialty, and generic medications and by oral and injectable drugs, and they were conducted with the statistical software SAS, version 9.4.
Limitations Our study was subject to several limitations. First, because the US health care system is market based, data on actual transaction prices or on proprietary rebates are not accessible. As a result, we used wholesale acquisition costs as cost estimates; they represent manufacturers' list prices for a drug to wholesalers but do not capture rebates or other types of discounts. Because rebates are often greater once several exchangeable products within the same therapeutic class have reached the market, our estimates for the relative contribution of existing drugs to the rising costs of brand-name drugs may be upward biased. In other words, after rebates are accounted for, the contribution of existing drugs may have been lower than we estimated. Additionally, because the magnitude of rebates has increased in the past decade, [11] [12] [13] our findings likely overestimated cost increases for brand-name drugs. Nonetheless, list prices are commonly used to provide key directional information about medication prices, and patients without insurance or those with coinsurance or in high-deductible plans are exposed to those prices.
Second, in calculating average costs and annu-al changes in those costs, we weighted each National Drug Code by the counts of use in UPMC Health Plan, because otherwise large increases in costs of drugs used by a small number of patients would have had a misleadingly large impact on our results. Although the use of weights that represent the relative use of each code is a strength of our study, the use of data from only one insurer for their calculation limited the generalizability of our results. Nevertheless, because UPMC Health Plan offers a wide range of insurance products, its use was preferred over that of other data sources that captured only one type of insurance. Third, because we used pharmacy claims as the source of weights, our study sample was more representative of drugs commonly used in the outpatient setting than of those used in the inpatient setting. However, pharmacy claims represent 80 percent of claims for prescription drugs and account for two-thirds of total pharmaceutical spending.
14 Fourth, our analyses were stratified by route of administration because our methods required the use of comparable drug market baskets. Nevertheless, drugs might not have been completely comparable across years, because the days' supply provided by an average claim could have changed across the study period. Evaluating changes in average costs per month or year of treatment could have mitigated this issue. However, this was not feasible because of the large numbers of drugs included in the study, and because many drugs are approved for several indications that require different dosing.
Fifth, our analyses did not include drugs with dosage forms other than tablets and capsules or injectable preparations. Nevertheless, the dosage forms included in our analyses accounted for 80 percent of all National Drug Codes captured in pharmacy claims.
Finally, we did not conduct analyses that combined brand-name, specialty, and generic drugs because there was a shift from brand-name to generic drug use across our study period, and our methods required the use of comparable drug market baskets. Consequently, our study did not examine how the expiration of brandname drug patents and those drugs' subsequent replacement with generics affected pharmaceutical spending, which has been previously described in the literature. 15 
Study Results
In the period 2008-16 the number of National Drug Codes included in the study sample increased from 11,201 to 24,825 for oral drugs and from 1,708 to 3,047 for injectable drugs. Average weighted costs increased across the study period for all drug classes. For instance, for oral brand-name drugs they increased by 92 percent, from $240.36 to $461.34. (For the number of codes and the average weighted costs for oral and injectable drugs available in every year, see appendix exhibits A1 and A2.) 10 Annual Changes In Average Costs Exhibits 1 and 2 show annual percentage changes in
Exhibit 1
Annual percent change in the average weighted costs of oral brand-name, generic, and specialty prescription drugs, the average weighted costs of brand-name, specialty, and generic drugs (new and existing combined) in 2008-16, and exhibit 3 shows average changes across the study period.
▸ BRAND-NAME DRUGS: Annual increases in average weighted costs of oral brand-name drugs averaged 9.2 percent across the study period. They were particularly high in 2010-11 and 2014-16, when they exceeded 10 percent (exhibit 1). Average weighted costs of injectable brandname drugs also increased by over 10 percent in the period 2009-13 (exhibit 2). Across the study period, annual changes in average weighted costs of injectable brand-name drugs averaged 15.1 percent.
▸ SPECIALTY DRUGS: With an annual average increase of 20.6 percent, oral specialty drugs showed the largest cost increases and presented an abrupt increase in 2014 following the approval of sofosbuvir (Solvaldi) and ledipasvir/sofosbuvir (Harvoni) (exhibit 1). Annual increases in average weighted costs of injectable specialty medications exceeded 15 percent in 2008-12 (exhibit 2) and averaged 12.5 percent across the study period.
▸ GENERIC DRUGS: Average weighted costs of oral generic drugs increased in all years of the study period except for 2012 and 2016, when they decreased by more than 10 percent (exhibit 1). Across the study period, average weighted costs of oral generics increased by an average of 4.4 percent. Annual changes in average weighted costs of injectable generic drugs averaged 7.3 percent across the study period. They were particularly high in in 2009, 2011, 2012, and 2015, when they exceeded 10 percent (exhibit 2).
New Versus Existing Drug Products Exhibit 4 shows the relative contributions of existing and new drug products in the annual changes in average weighted costs of oral and injectable drugs in 2008-16, and appendix exhibits A3 and A4 present these results in a visual manner.
10
Exhibit 3 summarizes the relative contributions of existing and new drug products across the study period.
▸ ORAL BRAND-NAME DRUGS: Across the study period, 87.3 percent of the annual in- creases in average weighted costs of brand-name drugs was attributable to existing drugs and 12.7 percent to new drug products (exhibit 3). The average weighted costs of oral brand-name drugs decreased by over 10 percent in 2012 (exhibit 4), coinciding with the patent expirations of several widely used brand-name drugsincluding atorvastatin, clopidogrel, olanzapine, quetiapine, escitalopram, montelukast, esomeprazole, and methylphenidate. ▸ INJECTABLE BRAND-NAME DRUGS: Across the study period, increases in the average weighted costs of injectable brand-name drugs were mostly driven by existing drugs (exhibit 3). However, in 2010 and 2011, following the approval of paliperidone (Invega Sustenna), 60.5 percent and 80.2 percent, respectively, of the increases in average weighted costs of injectable brandname drugs were attributed to new drug products (exhibit 4 and appendix exhibit A4).
10 In 2012-16 cost increases were due to inflation in the prices of existing drugs, particularly insulins. In this period, new brand-name drugs had a negative contribution to the annual changes in average weighted costs. This was driven by influenza vaccines, which were cheaper than average brand-name injectable drugs and were continuously considered new medications because their formulations were registered as new active ingredients every year. ▸ ORAL SPECIALTY DRUGS: Costs of oral specialty drugs showed the largest annual increases, 71.1 percent of which were due to market entry of new drug products and 28.9 percent to existing drug price inflation (exhibit 3). The contribution of new drug products to these increases was particularly high in 2014, following the approval of sofosbuvir (Sovaldi) and ledipasvir/sofosbuvir (Harvoni) (exhibit 4 and appendix exhibit A3). weighted costs of oral specialty medications were largely accounted for by existing drugs. ▸ INJECTABLE SPECIALTY DRUGS: Across the study period, 52.4 percent of the increases in costs of injectable specialty medications were due to the entry of new drugs and 47.6 percent to existing drug price inflation (exhibit 3). In 2009 and 2010, following the approval of ustekinumab (Stelara) and golimumab (Simponi), new drugs were the main contributors to cost increases (exhibit 4 and appendix exhibit A4). 10 However, in 2011-15 over 70 percent of the cost increases were due to existing drugs. In 2014 the average weighted costs of injectable specialty medications decreased because of an abrupt decrease in the price of glatiramer acetate.
▸ ORAL GENERIC DRUGS: Across the study period, existing generic drugs had a negative contribution to the annual change in the average weighted costs of oral generics (exhibit 3). However, new generic products were more expensive than those already on the market (appendix exhibit A1) 10 and tended to increase the average weighted costs. The average weighted costs of oral generics decreased by over 15 percent in 2012 (exhibit 1), following strong decreases in the prices of widely used existing generic products, including omeprazole, simvastatin, and lisinopril.
▸ INJECTABLE GENERIC DRUGS: Similarly, increases in the costs of injectable generics were driven by the entry of new generic products (exhibit 3). Existing generics had a negative contribution to average weighted costs in most years, particularly in 2010, 2013, and 2014, when prices decreased abruptly. The contribution of new generic products was particularly high in 2009-14, following the market entry of generics for enoxaparin, sumatriptan, oxaliplatin, and zoledronic acid.
Discussion
To our knowledge, our study is the first to quantify the contributions of new versus existing drug products to the rising costs of outpatient prescription drugs observed in the past decade. Our analyses yielded three main findings. First, costs increased considerably faster than inflation across all drug classes, and increases were highest for oral specialty drugs and lowest for oral generics. Second, rising costs of brandname drugs were driven by inflation in the prices of widely used existing drugs, and rising costs of specialty drugs were due to a combination of new product entry and existing product price inflation, with new drug product entry accounting for a larger proportion of rising costs. Finally, existing generics tended to decrease the average costs of generic drugs. However, new generic products were more expensive than those already in the market, which drove the annual increases in average costs that we observed.
Our results are consistent with those of previous reports showing that specialty drugs had the largest cost increases (about 12.5 percent every year), followed by brand-name drugs (with average annual increases of 5-10 percent).
1 Our observation that new and existing drug products contribute in opposite directions to the annual changes in average costs of generics explains the apparently contradictory results in previous studies.
1, 3 Whereas those that quantified inflation for a fixed basket of generics found that costs decreased annually by 7.5 percent, 1 studies that factored in new generics estimated that costs increased by 3 percent. 3 However, our estimates for the annual changes in average costs are considerably higher than those reported by the Consumer Price Index (CPI) for prescription drugs, 16 which likely reflects the different methods used in the calculation of these estimates. Because inclusion in the basket of drugs measured by the CPI is dependent on popularity, new drugs are less likely to be included in the CPI. 17 Moreover, when new products are introduced into the basket, their prices are not compared to those of existing products. 18, 19 Because most of the price increases related to the appearance of new drugs is experienced at market entry, the CPI does not capture increases in drug prices due to the entry of new products that are more expensive than existing ones. 20 Another important methodological difference is the calculation of weights: Whereas we used annual counts of pharmacy claims as weights, the weight of each drug in the CPI is calculated as a series of probabilities that represent the probability that a specific outlet within a region will be included in the sample, and the relative use of every drug is calculated from the Consumer Expenditure Survey, which is updated every two years. 19 In fact, a prior study found that when CPI methodology was followed but IQVIA National Prescription Audit data and monthly pharmacy sales data were used as weights, estimates for price indexes for prescription drugs were larger than those reported by the CPI. 19 Our study has important implications. First, costs increased faster than general inflation across all drug categories. Even for oral generics, the class with the smallest changes, annual increases were more than double rates of general inflation in the same time period. In the case of specialty drugs, average costs increased thirteen times faster than general inflation. These increases threaten the affordability of pharmaceutical benefits coverage by US public payers and warrant consideration of more potent policies to control drug prices, in particular for government payers.
Second, rising generic costs were largely driven by the entry of new products, which is not unexpected because in 2008-16 numerous blockbuster brand-name medications lost patent protection. 21 This strong contribution of new generics explains why average costs of generics increase over time, 3 even though competition inherent in the generic market should theoretically drive prices down.
Third, whereas the increasing costs of specialty drugs were largely driven by new products, the rising costs of brand-name drugs were mostly due to existing drug price inflation. These results illustrate how the distinction between specialty and nonspecialty drugs, often defined based on price, affects the measurement of drug price inflation and new drug spending: New and expensive brand-name drugs are often considered specialty medications.
Finally, despite few new blockbuster entrants, the average costs of oral and injectable brandname drugs increased 9.2 percent and 15.1 percent, respectively, on average, every year, with most of these increases being attributed to cost increases in existing drug prices. Specifically, inflation in prices for oral and injectable brand-name drugs averaged 8 percent and 16 percent, respectively, which is five to eight times the general rate of inflation in the same time period. These estimates demonstrate the important contribution of existing product price inflation on the rising cost of drugs and lend support to policy efforts aimed at controlling price inflation. This is particularly important because in the current value-based landscape, increasing drug costs attributable to new products can sometimes be justified on the basis of improved outcomes. However, rising costs due to inflation do not reflect improved value for patients.
Conclusion
In this retrospective study of pharmaceutical pricing data for 2005-16, we found that increases in the costs of specialty and generic drugs were driven by the entry of new drug products, but rising costs of brand-name drugs were largely due to inflation in existing medication prices. 
